Ancient DNA identification of salmon remains from the site ofNamu on the central coast of British Columbia shows use of a variety of species and an emphasis on pink salmon over the course of the past 7,000 years. These results support arguments that Namu was a permanent village settlement dependent on a salmon storage economy throughout this time. This pattern of subsistence and settlement predates by several millennia the first substantial evidence for population expansion or social differentiation in the region. Periodic salmon shortages in the period after 2000 cal B.C., which are associated with local and regional disruptions in settlement and increased reliance on more marginal resources, appear to be the result of failures in the pink salmon fishery.
The mass harvest and storage of salmon is considered a much later development involving changes in the organization of production and more sedentary settlement. It is thought to be the basis for population increase and the emergence of increasing social differentiation (Croes and Hackenberger 1988) , though population growth is also considered a likely reason for the development of a storagebased economy (Ames and Maschner 1999:252-253). The generally weak and equivocal evidence used to support arguments for and against storage is the major basis for contention. Large quantities of salmon remains, the relative representation of cranial elements versus vertebrae, mass capture technology, and storage structures have all been cited and debated as evidence for large-scale salmon storage.
One relatively simple indicator of storage is the presence of the remains of one particular resource in such abundance that their accumulation as the result of fresh consumption would seem unlikely. An abundance of salmon relative to other resources might suggest their consumption as dried stores since salmon are available for a limited period consisting of only weeks or months. Ames (1998:82) has suggested that such abundance could also be explained as the result of large-scale population aggregations coming together for short periods of time to consume fish fresh rather than as processed stores.
Salmon remains resulting from processing and storage have been differentiated from those consumed fresh on the basis of the relative proportions of cranial elements and vertebrae (Calvert 1970; Coupland 1998:43; Matson 1992 ). Controlled observations of processing and storage practices in more recent historic contexts support the proposition that village sites subsisting on stores of dried salmon can exhibit a preponderance of vertebrae while camps used for processing or where the consumption of fresh fish took place yield greater numbers of cranial elements (Hoffman et al. 2000) . A wide range of other taphonomic and processing variables could also potentially produce assemblages varying in the relative representation of cranial elements (Ames 1994 Arguments against an early storage-based subsistence economy presuppose an earlier, more mobile pattern of shifting residence to take advantage of seasonally available resources. The difficulty in applying this model to the Northwest Coast is that relatively few substantial resources are available in the winter months in this temperate region. It is possible to fish for some minor species, such as rockfish, year round. Shellfish are also available, though there is no early evidence to suggest they were sufficient basis for winter subsistence. Some game, such as deer and sea mammals, is also available, but a subsistence economy reliant on these types of typically singular and intermittently available resources would likely be precarious. The absence of large-scale, easily harvested, and reliable food resources throughout the winter could in itself argue for an emphasis on the mass harvest and storage of salmon, but the absence of early positive evidence for what is presumed to be such a pivotal development has been enough to undermine any argument based solely on seasonal resource availability.
The lack of substantial evidence from early archaeological contexts and the equivocal nature of all material indicators of storage from whatever context have left the timing of large-scale salmon storage open to question and debate. The consensus has been that intensive fishing and storage were relatively late developments. One researcher (Matson 1992:423) has gone so far as to say "we appear to be on the verge of being able to say with certainty that the Northwest Coast salmon-storage economy came into being during the 3500-3000 B.P. period."
The issue of when permanent sedentary or semisedentary winter village settlement emerged on the coast has been even more difficult to resolve. Part of the problem is a matter of definition, but even if permanent winter village settlement of the type described ethnographically, which also incorporates a substantial degree of seasonal mobility on the part of individuals and groups, is taken as the standard, unequivocal archaeological evidence for its development can be difficult to discern. Demonstration of permanent multiseasonal or winter village settlement has typically depended on the evidence of substantial residential structures or seasonally specific faunal indicators. The problem with discerning early evidence of substantial structures has already been described. The same issues noted for storage also apply to the question of village settlement. Given reliance on surface features to define substantial structures, the advent of village settlement on the coast tends to be placed relatively late (Ames 1994 Cannon ( 1 99 1 , 1 998) has long argued on the basis of faunal remains that Namu was occupied year round by some portion of its resident population and was dependent on a storage-based economy focused on the mass harvest of salmon. He has also argued that that pattern remained fundamentally unchanged from the date of the earliest preserved faunal remains ca. 5000 cal B.C. The argument is based foremost on the large quantities of salmon among the fish remains other than herring. Salmon make up 89 percent of all identified fish other than herring in the earliest period for which faunal remains are available (Cannon 1991:18) . Based on the analysis of auger samples, herring was even more abundant in this and all subsequent periods (Cannon 2000a) . Although a variety of fish, shellfish, mammal, and bird species were harvested, it is clear that salmon and herring were the main foci of the subsistence economy throughout the last 7,000 years. Some archaeologists accept that the large quantity of salmon at the site is evidence of storage (Coupland 1998:44). Others, while not dismissing the possibility, have suggested alternative explanations, such as large seasonal fishing aggregations (Ames 1998:88) . The somewhat weaker argument based on cranial element versus vertebra representation has not been addressed explicitly, but the Namu salmon consist overwhelmingly of vertebrae in all periods (Cannon 1991:18) .
The argument for a permanent multiseasonal occupation of the Namu site is based on the consistent presence of seasonally specific resources, including neonatal harbor seal remains, indicative of presence at around the mid-June peak in the pupping season; salmon, which are available in sum-mer/early autumn; and herring, which are available in late winter/early spring when they come near shore to spawn. Similar faunal evidence is cited by Ames and Maschner (1999:139) as indicative of year-round occupation of the Boardwalk site in Prince Rupert harbor by 2100 B.C., but they note on the same page: "There is also no direct evidence of storage at Namu, except for the large numbers of salmon. It seems perfectly feasible that mobile hunters and gatherers would gather at Namu for a fall fish run, perhaps even erecting structures, dispersing to other available food sources, and returning in the spring."
Multiseasonal fauna, specifically salmon and herring, have been cited at other locations on the coast as indicative of seasonal mobility typical of Binford's forager mode (Coupland 1998:41), but there are no obvious resources available between the times of the salmon and herring fisheries that would warrant movement away from the Namu site. The three clear seasonal indicators imply some residence at the site throughout much of the year. If winter subsistence was also supported by reliance on stores of dried or smoked salmon, then clearly Namu was a major winter village, typical of those described ethnographically, from the date of the earliest faunal remains ca. 5000 cal B.C.
It is nonetheless possible to argue reasonably, as Ames has done, that the early abundance of salmon could be the product of limited seasonal aggregation for a particular fishery. The site might then be abandoned until reoccupied by a similar aggregation for the herring fishery. A large number of people from a wide area congregating at one location for a limited time certainly could produce and immediately consume a large number of fish. Although it is not clear why Namu would be the focus for such a congregation, the reasons could be the same as those that might be offered to explain use of the site as a village location.
Based on the presence and abundance of morphologically identified fauna, there is not much likelihood of resolving the debate, especially not in the face of persistent views that sedentism, storage, population growth, and cultural complexity are mutually linked and relatively late developments. In the absence of unambiguous evidence of structural remains, it is unlikely that any amount of excavation would resolve this issue. Fortunately the development and refinement of new ancient DNA (aDNA) analytical techniques has proved capable of providing a new level of precision in the faunal data that goes some way toward bolstering the argument for early sedentism and storage. It also refines our knowledge and understanding of later disruption in the fishery, an event that Cannon ( Sampling proceeded in stages, initially to select a few vertebrae for testing, followed by expansion of the sample to encompass a range of time periods and vertebra sizes, and then more extensive sampling to produce comparable-size samples from the major time periods identified within the last 7,000 years of the site's occupation. Sampling, which is discussed in more detail below, involved a combination of random and size dependent selection from contexts chosen to cover evenly the broadest available temporal span. The results presented here are based on successful extraction and species identification of aDNA sequences from 116 individual vertebrae selected by Cannon from 28 excavation contexts across seven horizontally defined excavation units and two auger sampling locations.
Results
The results presented in Table 1 are summarized by major time periods defined on the basis of stratigraphic divisions, artifact content, and extensive radiocarbon dating (Carlson 1991 (Carlson , 1996 . Overall, there is a clear emphasis on pink salmon, followed by sockeye and chum. Coho is also consistently present in smaller numbers, and one vertebra deliberately selected for analysis because of its unusually large size was identified as chinook. Therefore, all five major anadromous species of Pacific salmon are present at the site, though the emphasis is clearly on pink, which make up 42.2 percent of the identified salmon. The morphology of salmon vertebrae does not allow their identification to species. An earlier attempt to infer the likely composition of the Namu salmon fishery based on radiographic analysis of incremental growth lines in vertebrae (Cannon 1988 (Cannon , 1998 had suggested an emphasis on chum, but had erroneously excluded sockeye from consideration based on the published observation that major runs of sockeye are restricted to large river systems such as the Fraser and Skeena. In fact, the Namu River has always supported runs of sockeye salmon, as do many of the other small rivers in the area. Contamination between samples and between ancient and modern DNA was prevented through use of the strictest possible contamination prevention protocols (Yang et al. 2004 ). Following publication of the initial results of DNA extraction from archaeological samples of salmon bone (Yang et al. 2004 ), the efficiency of aDNA extraction was optimized to such a degree that an adequate amount of DNA could be obtained from just one half of a single vertebra. This enabled repetition of the analysis, and a further check on the accuracy of the results. We applied this test to approximately 10 percent of the positively identified samples, and identical DNA sequences were reproduced in all cases. Analysis also followed a blind test system in which the DNA analyst (Yang) was unaware of the provenance of the samples as they were submitted for analysis. This prevented any possibility of unconscious bias based on expectations of particular patterns in the results.
The remaining issue is whether the samples selected for analysis are representative of the fishery as represented by the overall assemblage. Although 116 samples is very large by the standards of most aDNA studies, it is still a very small number relative to the more than 200,000 salmon ver- Table 2 ). tebrae recovered in the last three seasons of excavation at the site. The possibility that vertebrae in some cases represent multiple elements from the same fish must also be addressed. For these reasons we provide extensive discussion of sampling procedures to support our contention that the results presented in Table 1 (1979, 1991, 1996) . The map also shows the location of auger samples collected by Cannon in 1994 (Cannon 2000a Table 2 lists the specific sampled contexts, along with associated radiocarbon dates, the number of recovered vertebrae from which the sample was drawn, the mode of sample selection, and the results of aDNA analysis. Given the large number of vertebrae recovered from most contexts and the wide range of contexts from which samples were drawn, we do not expect that the possibility of drawing multiple samples from the same individual fish would have had a marked biasing effect on our results. The mode of sample selection, involving a combination of deliberate selection for particular size or size range and random sampling does potentially influence our results and for that reason requires further discussion.
Our sampling strategy developed over the years as the project and its goals developed. Our initial concern was to determine whether aDNA sequences of sufficient length for species identification were preserved within archaeological samples of vertebrae. Accordingly, we selected a sample of the larger and most recent vertebrae then available at McMaster University. These were among fauna from the upper levels of the units excavated by Simon Fraser University in 1994. We presumed that the best chance for aDNA preservation was in more recent samples and further reasoned that extraction of sufficient aDNA was more likely with larger vertebrae. Based on our initial success we expanded our sampling to include older specimens and a wider range of sizes. At this stage we began to draw samples from a random split of the vertebrae recovered from each context. The vertebra assemblages were divided with a soil sample splitter to yield a number close or equal to the sample size we were looking to examine. We chose to look at a range of vertebra sizes within the split samples in order to maximize the potential range of species represented. Our goal was to determine the species range of the fishery. With our success in identifying a variety of species from deposits containing the earliest preserved faunal remains we set about to obtain more representative samples from the widest range of temporal contexts. The expense of aDNA analysis precluded our examination of samples of sufficient size to be statistically representative. Instead, we opted for randomly selected samples of small size from a greater range of spatial and temporal contexts.
In the end, our samples are potentially unrepresentative due to the small number of vertebrae selected from any given context and because in some cases we deliberately selected samples representing the widest range of vertebra sizes. The nonrandom selection of some samples may not be a significant biasing factor. The figures in Table 3 show that the overall results for the randomly and nonrandomly selected samples are similar. The decision to select for a range of vertebra sizes in some cases did result in an exaggerated representation of the largest and smallest vertebrae, but, as discussed below, this likely did not greatly skew the species representation.
We believe the consistency of species representation between individual contexts is the strongest indicator that our results are generally representative. Even samples consisting of as few as four vertebrae consistently show an emphasis on pink salmon. There are no grossly anomalous results for any context. Our observation of an anomalous lack of pink salmon in deposits dating to Period 5 (2000 cal B.C.-cal A.D. 1) was also consistent for multiple contexts dating to that period and to the early part of Period 6 (cal A.D. 1-European Contact). Initially we thought this result might be due to our early emphasis on larger vertebrae from the first context we sampled (Unit 66-68S, 4-6W; 70-80 cm DBS), which dated to this time period. To compensate and to determine whether the low number of pink salmon was simply a sampling effect, we resampled from the same context with a deliberate emphasis on smaller vertebrae within the split sample. The results yielded a disproportionate number of sockeye, along with a few pink, but they verified that the low number of pink salmon was not a function of initially selecting larger vertebrae from this particular context. The range of directly or indirectly associated radiocarbon dates shows that the identified samples cover a wide range of securely dated contexts. We think this lends further credence to our interpretation that the results are representative of the span of the last 7,000 years of site occupation. The consistency of our results across this range of dated We must also acknowledge that archaeologically recovered vertebrae may be biased from the outset as the result of differential processing and deposition of species. Unfortunately little can be done to control for such unknown factors. The presence of remains from all available species suggests that processing and deposition factors were probably not a significant source of bias. One possibility that might contribute to biased representation, especially the emphasis on pink salmon, is that recovered vertebrae represent discarded stores that had either spoiled or were in excess of winter needs and therefore thrown out when fresh food became available in the spring. This possibility cannot be assessed based on the available evidence, and might not be evident in any case, but it would provide further support for the contention that the emphasis on pink salmon is due to harvest and processing for storage rather than for immediate consumption.
Metric Analysis
One further check on the representativeness of the sample comes from the metric data, specifically the width of vertebrae, which was obtained for most samples prior to analysis. These results show a slight bias toward larger and smaller vertebrae, but support the pattern of species representation indicated by the identifications. They also point to another possible way to infer species from larger samples without the need for an impractical scale of aDNA analysis. The exaggerated emphasis on large and small vertebrae probably does not greatly bias the species representation in our results. With the exception of the one chinook vertebra, which measured 18.0 mm in diameter, all the aDNA identified vertebrae measuring 10.5 mm in diameter or greater were identified as chum. All the vertebrae measuring 8.0 mm in diameter or less were either pink or sockeye. The full range of species other than chinook was represented between 8.0 and 1 0.5 mm. Among the representative sample of vertebra measurements, 854 or 45.5 percent were <8.0 mm and 280 or 14.9 percent were > 10.5 mm. Among the measured aDNA analyzed samples, 51 or 47.7 percent were < 8.0 mm and 17 or 15.9 percent were > 10.5 mm. Our identifications may therefore show a very slight exaggeration in the number of chum, pink, and sockeye, but given the closeness of the size range of the aDNA sample to that of the representative sample, we think any bias is likely to be very slight and probably offset to a great degree by the fact that there is a bias toward both larger and smaller specimens.
Implications
If, as we contend, the aDNA results are an accurate representation of the range and relative proportions of species comprising the Namu salmon fishery, then they minimally indicate a multispecies fishery with an overwhelming emphasis on pink salmon, a strong but lesser emphasis on sockeye and chum, much less focus on coho, and just the presence of chinook. They also show that these patterns are consistent over time, with the exception of an anomalous decline in the representation of pink salmon, beginning sometime after 2000 cal B.C. and possibly ending by about cal A.D. 1000. We think the implications of these results are also more far-reaching with respect to resource selection criteria, the likelihood of sedentary settlement and storage throughout the past 7,000 years, and the cause of disruption in the fishery and local and regional settlement after ca. 2000 cal B.C.
Resource Selection
We were initially somewhat surprised by the strong emphasis on pink salmon. In part this was due to false expectations created by the problematic interpretation of radiographic analyses. We had also expected greater selection of species possessing what might reasonably be considered superior qualities. We expected an emphasis on chum because of their larger body size and low fat content, which makes them superior candidates for preservation, and on sockeye and coho because of their higher fat content, which makes them a richer source of food for fresh consumption. Pink salmon have very low fat content, which makes them well suited for preservation, but they are generally smaller than other species. Romanoff (1985) provides an overview of Pacific Northwest ethnographic information that describes the selection of low-fat salmon for their superior preservation qualities. Fish with higher fat content were more likely to become rancid or moldy if preserved. If the aim of the Namu fishery was primarily to acquire fish for preservation, then the focus on leaner pink and chum salmon would make most sense. The greater emphasis on pink rather than chum, which is most often described ethnographically as the species of choice for preservation, and which might be expected to be the optimal choice on the basis of size, is less easy to explain. It is possible that the relative proportions of these species was more a function of their availability, or it could be that the smaller pink salmon required less processing for storage than the larger chum.
A fishery focused primarily on harvest for fresh consumption might have selected sockeye or coho over pink and chum, since relative fat content is such an important indicator of food preference among hunter-fisher-gatherers worldwide (Speth and Spielmann 1983). The presence of pink, chum, and sockeye in such large relative proportions suggests either that fresh consumption and processing for long-term storage were both important elements of the fishery or that the fishery was more oppor-tunistic, with nutrition and preservation qualities playing little if any role in species selection.
If the deciding criterion for resource selection was not a combination of the richness and size of the individual species, but instead was their relative abundance, then the emphasis on pink salmon is much more easily explained. By current counts pink salmon are overwhelmingly more abundant than other species in the central coast region (Fisheries and Oceans Canada 2001). Chum is currently the second-most common species in the small streams and rivers of the central coast, followed by sockeye and coho in roughly equal numbers. Chinook do not generally spawn in the small streams in the region. Escapement records show considerable variability in the numbers of different species between streams and over time, but based on regional averages the apparent emphasis on pink salmon might be expected on the basis of their greater availability.
An opportunistic fishing strategy would require that people harvest whatever fish were available in numbers proportional to their availability. Based on ethnographic information from hunter-fishergatherers worldwide and from the Pacific Northwest Coast in particular, this possibility would seem unlikely. We can say very little about the fishing methods used in any particular period. There is a large stone-walled fish trap at the mouth of the Namu River (Carlson and Dalla Bona 1996:1 10), but the date of its construction is unknown. It is likely that a variety of methods were used to harvest salmon over the past 7,000 years. Most if not all would have provided ample opportunity to exercise species selection, as for example in the choice to keep or return individual fish caught within traps or in the timing of fishing on the river to coincide with the time that particular species ascended the river to spawn. The simplest explanation for the diversity of the salmon fishery is that it represents deliberate selection of a range of available species for their richness (sockeye) and preservation qualities (pink and chum). The further implication is that the variable focus on different species for different purposes extended over the longer term of the fishing season, as the availability of particular species waxed and waned.
Sedentism and Storage
The seasonal timing of the Namu salmon fishery is difficult to define with any precision since depending on the fishing methods used different species might be available for harvest over a long period of time. Most species spend time in the bays and estuaries adjacent to spawning streams before they actually ascend the stream to spawn. A fishery focused on the fish gathered in the estuary could have access to a range of species, either during a relatively short period in late summer or over much of the summer and early autumn. A focus on the harvest of fish as they ascended the river to spawn would be restricted to much narrower time frames. These times would be specific for each species and would extend from late summer well into the autumn.
Sockeye (Heard 1991:136) . Based on the time of arrival in bays and estuaries and the ascent of spawning streams, it is conceivable that all four species could be available in the vicinity of the Namu site within a relatively narrow time period in early August. Based on the times of peak availability and the enhanced opportunity to harvest species as they ascended or gathered to ascend the Namu River, a fishery focused on pink, chum, and sockeye is more likely to have extended from July through September.
If fishing was focused on the harvest of species from the estuary environment, it might well be possible that the fishery was the product of a short-term aggregation. If the purpose of such an aggregation was primarily for the harvest and consumption of fresh fish, then the indiscriminate harvest of large quantities of pink and chum salmon, along with the richer and therefore more desirable sockeye is more difficult to explain. A series of selective fisheries in the bay and estuary environment combined with selective harvest of species as they ascended the Namu River to spawn entails much longer residency, from July through to October. If the purpose in selecting pink and chum salmon in such large numbers was to process them for storage, then the implication is that a sizeable portion of the population continued to reside at the site through the winter, up to and including the time of the peak herring fishery in March. The presence of neo-natal harbor seal shows that some people were also at the site around mid June.
Based on the new level of precision in our knowledge of the Namu salmon fishery, there are two options to account for the available data. One is to propose a short-term species-indiscriminate fresh food fishery at the site sometime in mid-tolate summer, with the aggregate population then dispersing to other locations before returning in the late winter/early spring for the herring fishery. The other is to propose a selective fishery using different methods to harvest different species at different times for different purposes. This would have entailed harvest of richer, fatter species such as sockeye in the summer, largely for fresh consumption, coupled with later harvest of pink and chum salmon in even greater numbers for the purpose of processing and preservation to sustain a resident population through the winter. Strictly on the basis of seasonal availability and without information concerning the fishing methods used, either possibility is equally likely. Based on the seasonal and environmental circumstances involved and on our knowledge of hunter-fisher-gatherer decision making in general and that of the ethnographically described peoples of the Pacific Northwest Coast in particular, we think the latter proposition is far more likely.
The results of the aDNA analysis give us new insight into the nature of the Namu fishery that we think strengthens the argument in favor of early storage and sedentary settlement, but seasonal indicators alone can never establish continuous presence at a site with any certainty. Nor can the abundance of any one resource, even one as well suited to the purpose as pink salmon, indicate storage. Beyond its value in providing more precise evidence consistent with storage and sedentism, we think the greater weight of the aDNA evidence derives from the consistency of the species profile over the past 7,000 years. The salmon fishery is essentially the same in all time periods.
If the combined weight of evidence is insufficient to demonstrate a storage-based economy and permanent village settlement as early as 7,000 years ago, then it is also insufficient to demonstrate similar patterns at any time after that date. We think few Northwest Coast archaeologists would seriously argue that salmon storage and multiseason village settlement were absent anywhere on the coast as recently as 1,000 years ago. Given that the evidence looks the same for 7,000 years ago as it does for 6,000 years later, we see no basis for inferring anything other than this type of subsistencesettlement system as early as the earliest faunal evidence at Namu. The same pattern may extend even further back in time, but few sites of earlier date, including Namu, show any substantial evidence of subsistence or settlement. (Table 4) show that the intensity of the overall salmon fishery also apparently recovered after cal A.D. 1000.
Disruption in the Salmon
At this stage we do not know the cause or causes of disruptions in the pink salmon fishery or the reasons for its later apparent recovery. A new approach, which is now feasible, will be to determine whether there was a dramatic change in the genetic profile of the pink salmon population before and after the period of disruption. A clear change will indicate a catastrophic pattern of population extinction and recolonization. In contrast, a strong indication of genetic continuity in the local population would suggest a lesser degree of depression on pink salmon productivity over this period of time.
The significance of tying disruption of the Namu fishery specifically to pink salmon is that it suggests an even greater potential impact on the lives of residents at the site, since this was likely to have been a storage staple that was critical for survival through the winter. If failure of this staple resource was, as is likely, also unpredictable, it might have been difficult if not impossible to compensate (Cannon 1995) . The further implication is that it is unlikely that periodic failure of the pink fishery was due to increasing siltation of the Namu River estuary over the long term. Since chum and pink salmon favor the same types of spawning ground, both species should have been equally affected by permanent environmental change. It is also less likely that the pink fishery would have recovered if this had been the cause of its decline or periodic failure. We cannot yet explain the disruption in the pink fishery, but whatever the cause, our aDNA identifications suggest we can at least narrow it to factors specifically related to this one species.
Discussion
The influence of preconceptions and prevailing frameworks on archaeological interpretation is well documented (Trigger 1989). We cannot say for certain that reluctance to accept evidence for early salmon storage and sedentism is due to a consensus among Northwest Coast archaeologists that these developments are fundamental thresholds in the long-term evolution of the region's cultures, but this would not be unprecedented. We can point to one example where a prevailing view affected the primary interpretation of faunal data and its subsequent use by other researchers.
In his original interpretation of the Namu faunal data, Cannon (1991:43) noted that "the scale of salmon fishing increased dramatically" between Period 2 (5000-4000 cal B.C.) and Period 3 (4000-3000 cal B.C.). This interpretation was based on observation of an increase in the proportion of salmon among identified fish remains other than herring, from 89 percent in Period 2 to 98 percent in Periods 3 and 4. By any measure, a fishery with an 89 percent focus is still one largely dependent on salmon fishing. There was no basis for Cannon's exaggeration other than the influence of an accepted model of long-term cultural development, proposed by Fladmark (1975) , which argued that early dependence on salmon coincided with increased productivity due to postglacial environmental stabilization at around 4000 cal B.C. Although this model as developed for major inland river systems was less applicable to small coastal streams and lake systems (Cannon 1996) Given a consensus of opinion, it seems fair to demand a higher standard of evidence for anything that stands apart from prevailing points of view. As in any area of research this should be an incentive to improve the number and quality of lines of evidence in support of contrary opinion. We think we have done this. The aDNA evidence is one more piece in a long line of ancillary evidence that supports Cannon's original interpretations regarding the early pattern and subsequent history of subsistence and settlement at Namu. We think the evidence is also sufficient to support decoupling the advent of permanent multiseasonal settlements and storage-based economies from population growth and greater social differentiation, as others have also suggested (e.g., Moss and Erlandson 1995:34). There is no evidence for large-scale population growth at Namu or anywhere on the Northwest Coast in the millennia immediately following 5000 cal B.C., when salmon storage and sedentism are first evident. The earliest indication of significant population expansion in the Namu vicinity is at around 1000-500 cal B.C. (Cannon 2002) . The evidence for social differentiation on the coast is more equivocal, and may be much later, depending on the definition used.
Even if our view of the Namu salmon fishery and its implications is widely accepted, it is currently impossible to say how widespread this pattern might have been. All current views of long-term cultural developments on the coast, whether based on traditional cultural evolutionary frameworks or more recent Darwinian perspectives, must rely on few data from a very few sites dispersed over a broad area. New consensus concerning long-term patterns and developmental trends may emerge over time, but these will need to be based on more thorough analysis and on more extensive multisite investigations. Namu is exceptional for the length of its occupational record and for the detail of the evidence it has yielded, but it is too soon to say if it is exceptional for its early mode of permanent settlement and storage-based salmon fishing economy.
Conclusions
We have demonstrated a more extensive application of aDNA analysis of faunal remains than has so far been generally attempted in archaeology. We think this research is also unusual among emerging aDNA applications in its focus on the resolution of a particular existing problem in archaeological knowledge and interpretation. Our results provide a new level of precision in our ability to characterize an early salmon fishery on the Northwest Coast. They show consistent emphasis in the Namu fishery on pink salmon, as well as strong emphasis on sockeye and chum together with at least some harvest of coho and chinook.
We think this new information provides further support of the interpretation that the site was the focus of permanent multiseason settlement and a storage economy by at least 5000 cal B.C. A fully developed settlement-subsistence pattern of this kind at this early date should alert researchers to the need to rethink explanatory frameworks that strongly link population growth and social complexity with sedentism and storage-based economies. We have shown that aDNA insight into the composition of salmon fisheries and their variability over time can also help us to understand better the implications of resource fluctuations for populations dependent on storage for winter subsistence.
We see great potential for gaining further understanding of the diversity and temporal variability in salmon fisheries throughout the coast and over time. Insight into the key role of salmon in the archaeological histories of the Pacific Northwest Coast can be derived from much wider application of aDNA analysis. Much could be done with the vertebrate fauna collections already available in the storerooms of museums, universities, and archaeological consulting firms. Although ancient DNA analysis is and will remain an expensive undertaking, on a large-scale, strategic sampling designed to provide data relevant to specific problems, possibly coupled with inferences from vertebra size, can yield more precise knowledge and better understanding of the history and implications of salmon fishing on the Northwest Coast.
